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® A protein having molecular weight of approxi- 
mately IB KO which is also cleaved Into a protein 
having a molecular weight of 15 kD is disclosed. 
This protein is referred to as viral protein U and 
produced by the vpu gene. It is disclosed that this 
protein has antigenic determinants and be used to 
screen for people having the rW-t virus. 



CM 

© 

111 



Xerox Cray Centra 



PAGE 9/53 * RCVD AT 12/2012006 3:28:30 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-2/3 * DNI$:2738300 » CSID:61 2-455-3801 * DURATION (mm-ss):15-58 



12/20/200B 14:11 612-455-3881 



HSML, P.C. 



PAGE 10/53 



EP 0 342 860 A2 



NOVEL PROTEIN, SEQUENCES CONTAINING THE GENE THEREFORE, VECTORS, METHODS OF PREP- 
ARATION AND USE 



The present invention Is directed to a new 
purified polypeptide, a method of producing this 
polypeptide, an antibody to this protein, an assay 
for detecting In biological specimens the presence 
of an antibody to the antigenic determinants 
present in said polypeptide, and an assay for the 
negative effect of this protein upon viral replication. 

The human immunodeficiency virus (HJV-l. also 
referred to as HTL.V-III. LAV or HTLV-ilVLAV) is the 
etiological agent of the acquired Immune deficiency 
syndrome (AIDS) and related disorders. [Barre- 
Slnoussi, et a)., Science 220 :668-871 (1883): Gailo 
et si, Science 224:500-503 (1884); lane at aJ, Levy 
et al, Science 225:840-642 (1984); Popovic et al, 
Science 224:467-500 (1984); Samgadharan et al, 
Science 224:506-508 (1984): Siegal et bJ. N, Engl. 
j. Med. 305:1438-1444 (1981)]. This disease fs 
characterized by a long asymptomatic period fol- 
lowed by the progressive degeneration of the im- 
mune system and the centra] nervous system. 
Studies of the virus indicate that replication is high- 
ly regulated, and both latent and lytic infection of 
the C04 positive helper subset of T-lymphocytes 
occur is tissue culture. [Zagury et aJ, Sciatica 
23V.8S0-6S3 (19B8)J. The expresBlon of the virus l in 
. Infected patients also appears to be regulated as 
the titer of infectious virus remains low throughout 
the course of the disease. Molecular studies of the 
replication and genomic organization of HIV-I show 
that it encodes at least eight genes (Ratner «t al, 
Nature 313:277-284 (1885); Sanchez- Pescador et 
al .Science 227:484-492 (1985); Mussing et al, Na- 
ture 313:450-457 (198S); Waln-Hobson et al, Ceil 
40:9-17 (1985)]. Three of the genes, the gag, pof 
and env genes are common to all retroviruses. 
HowevBr. the genome also encodes five additional 
genes that are not common to most retrovirus, the 
sor. tat art and 3'orf and R genes [Sodroski et ai, 
Science 231:1548-1553 (19BB); Arya et Bi. Science 
229:69-73 (1985); Sodroski et al. Science 227:171- 
175 (1985); Sodroski et al, Nature 321-41^417 
(19BB); Feinberg et al, Cell 46:807-61? (1986); 
Wong-Staal et ai t AIDS Res, and Human Retro- 
viruses 3:33-39 (1987), which are all incorporated 
herein by reference.) 

Nucleotide sequences from viral genomes of 
other retroviruses namely HIV-II and Simian im- 
munodeficiency virus (SIV) (pravtously referred to 
as STUV-ill) also contain tat and art regulatory 
sequences and show trans activation in addition to 
containing the structural genes. [Ouysder et al. 
Nature 326 :662-669 (1987); Chakrabarti et al, Nj£ 
jure 328:543-547 (1987)1. It would be useful to have 
a method for readily distinguishing between HIV-I 



' and other retroviruses, such as Hiv«i|. 

One of the problems with developing a vaccine 
to the AIDS virus is that the various strains of HIV 
are not highly conserved. And, the envelope pro- 
6 teln. which has been used as a target because it 
goes to the surface of the ceil, shows a great deal 
of variability between strains. Accordingly, It would 
be useful it there was another protein that went to 
the surface of the cell and was highly conserved in 
10 different HIV Strains. 

Any HIV product which demonstrates a nega- 
tive effect upon virus replication requires evaluation 
for possible therapeutic applications. Specifically, 
• an assay tor the negative effect is required so that 
76 drugs can be evaluated tor possible usefulness as 
agents to enhance or mimic the negative effect 



Summary of Invention 

2D 

We have now discovered a protein expressed 
by cells infected with HIV-I. The protein has a 
molecular weight of approximately l6kD. but is 
cleaved to a 15 kD form. This protein has antigenic 
as determinants and patent antisBra from AIDS in- 
fected patients recognize both forms of this protein 
whereas the antisere of normal patterns do not 

recognize It 

This protein appears to have a negative effect 
ao upon the replication of the HIV-1 virus in cultured 
human CD4+ lymphocytes. 



Brief Description of Drawings 

Figure 1A shows the genetic organization of 
the central region of the Ell strain of HIV-1 com- 
pared to S1V and the ROD strain of HIV-2. Figure 
1B shows the alignment of the vfju gene protein 
«7 sequence. Figure 1C Is a hydrophobic profile of the 
predicted vpu gene product 

Figure 2A-0 are radiograms showing the In 
vitro characterization of the vpu gene product 

Figure 3A-D are racfiograms showing the 
<s identification of the vpu geno product in cell Bnes 
expressing constltutively proteins encoded by the 
3* haff of the Bi strain of HIV-1. 

Rgure 4 is a schematic showing the plasmld 
pEU used to synthesize messenger RNA. 
go Rgure 5A is e schematic showing the re- 

combinant provirus constructed for comparison of 
viruses capable of producing the vpu gene product 
with viruses incapable of making It 
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Figure 58 is on auto radiogram showing the 
differences In production of viral products resulting 
following transaction of lymphocytes with proviral 
ptasmlds either capable or incapable of producing 
the vpu gene product. s 



Description of invention 

We have now discovered that HIV-1 encodes w 
en additional protein and that antibodies to this 
protein ere detected In the sera of people infected 
with HIV-1 . Further, this protein can be used to 
distinguish HIV-1 isolates from thB other human 
and simian Immunodeficiency viruses (HIV-2 ana is 
SIV) [Guyader, M., et al, Nature 326, supra (1987)]; 
Hirsch, V., et si, Cejp49:307-319 (1887); 
ChakrabartJ, L, et al, Nature 328, supra] since we 
have also discovered that thelarter viruses do not 
encode a similar protein. 20 

This protein Is expressed by a ONA segment 
containing a sufficient number of nucleotides cor- 
responding to nucleotides 5541-8017 of the HIV-1 
genome, where an AUG codon is inserted Imme- 
diately upstream and hi the proper reading frame as 
with thid region to express a polypeptide. This 
region typically corresponds to thB U open reading 
frame. A schematic diagram of this open reading 
frame from the region between the first coding 
axons of (he tat and art genes of HIV-1 and the w 
envelope glycoprotein gene is pictured in Rgure 
1A. However, many strains do not contain an AUG 
codon in the proper reading frame. The EH strain ol 
HIV-1 does contain such an arrangement Rgure 
1A shows the genetic organisation of the central 99 
region of HIV-1 (Eli isolate, 24) compared to SIV 
(20,21) and HIV-2 (ROD isolate. 19). Arrows in- 
dicate the initiator AU3 cottons in the viral genes, 
Many HIV-1 strains have the capacity to encode 
this protein which is about 80 to S2 amino acids 40 
long and synthesized from this region when ini- 
tiated with an AUG codon. Rgure 16 illustrates 
alignment of this protein sequence among various 
strains, The Bi strain Is taken as reference. Gaps (- 
) were introduced using standard methodology to 45 
optimize the alignment. Asterisks indicate amino 
acid identity. The HIV isolates compared Include 
Eli, Mai [Alteon, M., et al. Cell 46:63-74 (1986)], 
HXBc2, BH-10, BH-8. pHXB3~[Ratner. L, et al. 
Nature 313:227-283 (1S85)], BRU JWaln-Hobson. so 

et ai. Ceil 40:9-17 (1805)] and U5F2 (Sanchez- 
Pescador, R, et al. Science 227:484-492 (1985)]- 
(All of the above-mentioned references are Incor- 
porated herein by reference]. These strains are 
generally available. USF2 contains a termination 69 
codon at position 39. however, a - 1 point 
irameshlft results in a protein 43 amino acids Jong- 
er that is well conserved when compared with the 



61 reference sequence. Thte new protein contains 
a hydrophobic leader sequence (Figure 1C), which 
resembles membrane transport sequences. 

This suggests that the protein is transp 
across the ceil membrane. Further, the position of 
the U reading frame within the viral genome sug- 
gests that the protein forms an alternate leader 
sequence for the envelope glycoprotein. Occur- 
rence of either a splicing event or a frameshlft In 
translation of the U protein al position X would 
result in the production of a fusion protein with the 
envelope glycoprotein. !n such a case, the U pro- 
tein would become attached to the amino terminal 
of the envelope glycoprotein forming a new amino 
terminal. 

The protein, which has a molecular weight of 
about 16 kilodaltons (kO) can be cleaved to yield a 
shorter form of the protein, which has a molecular 
weight of about 15kO. 

Because the gene for this protein Is located in 
an open reading frame that has been designated u 
[Waln-Hobson, $\ et at, Cell 40;9-1? (1985)] we 
propose calling the viral protein U and the gene 
vpu for viral protein U. 

In order to more fully examine the properties of 
this protein, two oligopeptides were made corre- 
sponding In sequence to the hydrophaic regions of 
the protein based upon amino add sequence com- 
position. The first oligopeptide designated peptide 
1, corresponded to amino acids 29-41, while tho 
second oligopeptide designated peptide 2, corre- 
sponded to amino acids 73-81 (Figures IB, 1C). 
These peptides were conjugated to keyhole limpet 
hemocyanin using standard techniques and were 
used to raise antibody in a number, for example, 3 
rabbits. After multiple Injections Of the antigen, the 
rabbits old produce antibodies that recognize the 
immunizing oligopeptide. 

Figure 2 shows the in vitro characterization of 
the vpu gene product. Both, the 15 kD and 16 kO 
viral proteins were precipitated by the rabbit an- 
tiserum to peptide 2 (see Rgure 2A, lane 4). The 
antisera to peptide 1 also precipitated these pro- 
teins, although more weakly. In contrast these pro- 
teins were not precipitated by the sera from prelm- 
mune rabbit sera (Rgure 2A, lane 3). The data of 
Rgure 2D demonstrates that HIV seropositive pa- 
tient antiserum also recognize both the 15 kO and 
16 kD proteins (lane 2). This ability of the patient 
antisera to precipitate the two proteins is partially 
competed by peptide 2 (See lane 3)- All of the 19 
sera of HIV-1 Infected patients that im- 
muncprecipltated the truncated envelope product 
. were also found to precipitate both the 15 kD and 
16 kD proteins. These proteins were not recog- 
nized by normal patient antiserum (lane 1). 

This protein appears to be highly conserved 
among HIV-1 proviral strains. Indeed, all HIV-1 pro- 
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viral strains Isolated contain an open reading frame 
In the region corresponding to vpu. However, many 
Individual provlral strains explored in vftro appear 
unable to produce a protein from this region be- 
cause of a single point mutation that prevent vpu 
expression, indeed, different provtra! strains iso- 
lated from the same virus Isolate are heteroge- 
neous with respect to the ability to encode vpu. For 
example, independent provfrai clones of the W3 
Isolate HXBc2, BH10, BH-8 and BH*3 differ in this 
regard (See Figure IB). A similar variation in the 
ability of individual provlral clones to encode other 
vlraf protein, especially the 3' orf product has also 
been noted. For example, in the case of the isolate 
of IIIB with respect to 3 orf , a mutation that trun- 
cates the protein producTylelds a virus that repli- 
cates more rapidly in culture than does the wild 
type rTerwiiilger, # a ^ j. virol, 60:754-760 
(1986)]. Proviruses incapable of expressing vpu 
can replicate, as is demonstrated by the ability"o? 
the virus produced by transection with, for exam- 
ple, the provirus HXBc2 to grow in T-ceite in cul- 
ture, although this is a vpu-deficient viruses. This, 
however, does not rule out the possibility that the 
vpu product plays an important role in regulation of 
viral replication or pathogenesis. 

Indeed, a computer assisted search for pro- 
teins similar to p1S3Ei and p102£l found that H1V-2 
and SIV do no? encode a similar protein. Neither 
strain contained an open reading frame comparable 
to the U reading frame. Both HIV-2 and SIV strains 
contain an open reading frame missing from that of 
HIV-1 isolates, the X open reading frame [Guyader, 
M. et al. Nature 328. supra (1907)] but there hs no 
detectable similarity In the vpu protein and any 
protein that could be formed from the X open 
reading frame. Furthermore, none of the sera of 
■HlV-2-infBcted patients surveyed contained anti- 
bodies to the vpu product nor were antibodies to 
the vpu producT detected in Rhesus macaques 
infected with SfV. 

Thus, antisera to p1$£i and pt6S2 can be 
used to distinguish among HIV-1 and 3IV or HIV-2 
infections. 

Additionally, the titer of patient antibodies to 
the vpu product can also be used to determine the 
stageTof HIV-1 induced disease- By examining the 
viral messenger RNAs that are used to encode 
regulatory proteins (Mousing, MA, et al, Nature 
313:450-458 (1985), Arya, S.K., et al, Science 
<229:B9-73 (1985) and Sodroskl, J. et ai, Nature 
-321:413-417 (1988)] it is apparent that vpu is re- 
'moved by splicing from such vfral mRNAsTAccord- 
ingiy, vpu should not be made in the absence of 
the arfgene product as only fully spliced mRNAs 
accumulate in the absence of this product. 
[Sodroskl. Nature 321 . supra: Felnberg, M.B.. et al, 
Con 48, supra (1988)1. Consequently, the vpu pro- 



tein Is, like other virion proteins, synthesized late in 
Infection, and the titer of patient antibodies can be 
used to determine the stage of the disease. 

Expression of the U protein can readily be 

s carried out by the person of ordinary skill In the an 
by using standard techniques based upon the 
present disclosure- For example, one can prepare a 
dna segment containing the vpu gene, a 
nucleotide sequence corresponding to a sufficient 

to number of nucleotides from nucleotides 5541-8017, 
where an AUG codon is Inserted Immediately up- 
stream and in proper readtng frame with this region 
to express the U protein. Typically, this DNA seg- 
ment will be Inserted Into a vector whteh contains a 

>6 promoter, preferably a viral promoter, upstream of 
the segment The vector preferably also contains 
an enhancer and polyadsnylattan signal. Prefer- 
ably! one would use the nucleotide sequence cor- 
responding to the U open reading frame in the HIV 

M provirus, however, when using a strain that does 
not contain an AUG initiation codon such as 
HXBc2, care must be taken to Insure that the 
initiator sequence AUG is added in the proper 
reading frame such as occurs In HIV strain Eli. 

25 Accordingly, the use of a sequence corresponding 
to the U open reading frame is most preferable. 

If one was to use a strain corresponding to the 
U open reading frame from for example, strain 
HXBc2, one would have to insert an AUG codon 

so immediately upstream and in proper reading frame 
with the U open reacfing frame at a nucleotide 
correspondino; to immediately before nucleotide se- 
quence 5541 or create a point mutation to generate 
such a sequence. However, this can be done by 

tt standard techniques well known in the art 

By inserting a vpu gene In a standard expres- 
sion vector, for example, the SPB plasm id, using 
techniques well known In the art (SeB Figure 4 
showing creation of plasmid pEU), this plasmld can 

4Q be used to synthesize the pi52i and piKEi by 
standard techniques. 

This protein can be used in preparing an anti- 
gen to create a vaccine, for example, a live attenu- 
ated vaccine. By using this protein it Is possible to 

45 generate an antigenic response to me protein and 
because of the aforesaid properties that the protein 
is found on the surface of cells infected by the 
virus and because this protein appears to be highly 
concerned among various HIV-1 strains, the vac- 

so cine created should be particularly useful. 

As mentioned above, because it contains an- 
tigenic determinants, which are highly conserved, 
and appear to be specific to ceils Infected with 
HIV-1 this protein is particularly useful as a di- 
ss agnostic tool for assaying biological specimens to 
determine whether they contain cells which have 
been Infected with HIV-1 . These essays can be 
prepared using standard techniques. For example. 
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one can take a predetermined sample, i.e.. the 
biological specimen to be tasted, end add an anti- 
idiotype anDbody or immunologically similar to the 
antigenic sites of the p15J£l and plBEL For exam- 
ple, peptide 2 described herein* corresponding to 
amino acids 73-81 (Figure IB, iC), reflects such an 
antigenic sHe. One can preferably use monoclonal 
antHdlotyplc antibodies. This sample la then 
screened to determine if there is a reaction. i.e. if a 
complex is formed between antibody and antigen* 
Alternatively, one can assay with antibodies either 
monoclonal or polyvalent to the antigenic deter- 
minants ol the viral protein Itself using known im- 
munoassay methods, for example, using competi- 
tive immunoassays of Immunometrtc (sandwich) 
assays. 

Because this protein appears to have an at- 
tenuating effect upon the rate of spread of an HIV-1 
Infection in culture, it may form the foundation for a 
screening program of drugs or other agents de- 
signed to mimic ar enhance this phenomenon. For 
example, one can add the protein to a culture 
infected with an HIV-1 strain that does not express 
the protein, measure the degree of attenuation of 
replication, then screen for drugs that enhance this 
attenuation effect by standard techniques. The pro- 
tein can be added by any technique well known in 
the art Including transacting the cells with an ex- 
pression vector containing the vpu gene. Accord- 
ingly, drugs that on their own are not clinically 
effective against replication of the virus could be 
useful in combination with the U protein to enhance 
the attenuation effect. 

The present Invention Is further Illustrated by 
the following examples. These examples are pro- 
vided to aid in the understanding of [he invention 
and are not to be construed as a limitation thereof. 



EXAMPLES 



The ability of the vpu gene, i.e. the region 
between the first coding exon of tat and the env 
gene nucleotide sequences corresponding to a suf- 
ficient number of nucleotides from 5541-8017 of 
the HIV genome contain an AUG start codon, to 
encode a protein was examined by programming 
an in vftro reticulocyte translation iysate (Pelham. 
H.Pl.. et al. Eur J. Biochem. 87:247-256 (1988)] 
with RNA synthesized In yjtro using the method of 
Melton, DA, et al Nucl, Add, Res. 12:7035-7056 
(1884). RNA was made from a restriction fragment 
2231 nucleotides long of an HIV provfrus that 
spanned the region between the first coding exons 
of the tat. art and part of the env genes. The 
template forlhe experiment was derived from a 
fragment of the provlrus of the ELI strain of HIV-1 



tAtkon. M. et al. Cell 46, supra] placed 3 to the 
5P8 bacteriophage RNA polymerase promoter 
[Melton. D.A^ et al, supra] , Figure 4 shows the SP6 
ptasmid used to synthesize mRNA. A BamM to 

s Bgl II fragment 2231 nucleotides long from the HIV 
EU provlrus that spanned the region between fro 
first coding exons of (he tat, art and part of the env 
gene was cloned 3' to tne^Pe bacteriophage RNA 
polymerase promoter. Internal restriction sites used 

io to linearize the pjasmlds are indicated. This strain 
contains an open reading frame tn this region that 
initiates with an AUG codon (Figure IB) [Alteon, M., 
et al, Cell 46, supra ]. The viral sequences present 
In thls"RRA transcript, as shown in Figure 4, extend 

rs from the 5 f end of the first coding exon of the tat - , 
(Bam H1 site) to 1839 nucleotides (Bgl II site) 
within the env. The initiation codon for the tat gene 
is not intect in this RNA as the restriction enzyme 
used, Bam HI, cleaves the EU provirai strain he- 
ro tween the T and the <3 of the tat initiation codon. 

Proteins produced in the in vitro lysate using 
the RNA derived from this provirai fragment were 
labeled with a *9-methionine and separated by size 
using sodium dodecyl sulfate (SDS)- 

35 polyacrylamlde gel electrophoresis (PAGE). See 
Figure 2A. pEU plasmld was linearized by diges- 
tion at an EcoRI site located in the polyPnkar 3 f to 
the HIVbjj insert and used as a template for In vitro 
transcription by SP8 RNA polymerase as described 

30 (Pelletler, J. & Sonenberg, N., Cell 40:515-526 
(1985)] except that the concentration oHSTP and 
Cap analogue m 7 QpppG were raised to 02 and 1.0 
mM respectively. Messenger RNAs were labeled 
with [S^H] £TP and purified as described (27), In 

os vitro translation of equimolar amounts of RNA 
(equal amounts of radioactivity) was performed in 
reticulocyte lysate [Pelham, H.P.B,, et al, Eur. J. 
Blochem- , £7:247-25$ (1986)]. Incubation was done 
el 30°C for 30 minutes in the presence of 35 S- 

40 Methione. Labeled products were analyzed directly 
by 16% SDS-PAGS (lane 2) or Immunopreclpiteted 
[Lee, T.H. et al, CeJ 44:941-947] beforehand with 
preimmune rabbit serum (lane 3); anti-peptide 2 
serum (lane 4); anti-peptide 2 serum in the pres- 

45 ence of 500 mM of peptide 2 (lane 5). peptide i 
(lane 8), or an unrelated peptide 
QEEAETATKTS3C (lane 7). Lane 1 represents a 
total translation reaction with no mRNA added. The 
proteins synthesized In this system are displayed 

so in Lane 2. The proteins precipitated by rabbit anti- 
peptide 2 serum are also shown. Two proteins of 
molecular weight of approximately 15 kD and 16 
kD are evident in the unfractionated extract and are 
precipitated by the rabbit arrtisera. The 15 kD and 

55 18 kD proteins are not precipitated by the sera 
from prelmmune rabbit sera (lane 3). All three of 
tne andsera to peptide 2 recognize both proteins 
(lane 4) as do the antlsera to peptide 1 albeit more 
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weakly (data not shown). The data of Figure 2A 
also show that peptide 2 competes for recognition 
Of the 15 kD and 16 kO proteins by antisera (tens 
5). However, peptide 1 (tane 6) or an unrelated 
peptids do not compete with anti-peptide 2 serum 
(lane 7). 

ANA from other proviral fragments was pro- 
pared for analysis of the In vitro translation pro- 
duds. In one set of experiments, the template used 
for synthesis of RNA was truncated by restriction 
enzyme cleavage either 7 nucleotides 5 to the 
proposed AUG codon (Rsa 1 stle) or 30 nucleotides 
3' to the proposed AUG codon (Bbv I site) (see 
Figure 4). No specific protein products recognized 
by anti-peptide 2 antiserum were observed in these 
experiments (Figure 2b. tane 1 and 2). When tte 
template used for synthesis of RNA was cleaved 
102 nucleotides 3' to the proposed stop codon 
(Ndel site), the 15 kD and 16 kD proteins were 
detected using anti-pepttde 2 serum (Figure 2B) 
(lane 3 and 4). pEU plasmld was Knearrzed with the 
following restriction enzymes Rsal (lane 1); Bbv I 
(lane 2) and Nde I (lanes 3 and 4). SP8 generated 
RNAs were translated In vttro and immune precipita- 
tion was performed orTtfieTabeled products using 
anti-peptide 2 serum (lanes 1, 2 and 4), Lane 3 
represents a total in vitro translation reaction. 

■Rie sequenced HXBc2 clone of the NIB iso- 
late, as aforesaid, suggests that the RNA derived 
from this region should be incapable of producing 
the proteins as it lacks an Initiation codon at the 5 
end of the open reading frame. RNA was prepared 
by In vitro transcription of the fragment of the 
HXBc2 "proviral clone that spans tho region be- 
tween the first coding exons of tat and art and part 
of the env gene (Bam Hi site; nucleotide 6017) 
and corresponds to the Ell fragment present In Eu. 
This RNA was used to program a reticulocyte 
lysate in a similar manner as described above. As 
wa9 the case for the EU proviral RNA, the Initiation 
codon of the tat was deleted from the RNA. Pro- 
teins corresponding to the 15 kD and 15 kO pro- 
ducts were not found in either the total 38 S- 
rnethionine-labatled extract or In the precipitates 
obtained using amVpeptide 2 serum (Figure 2C t 
lane 1. 2). A pfasmrd (pXU) containing a Sal I 
(position 5441) to BamHt (position 8017) restriction 
fragment from the HXBc2 DtaM proviral DNA 
done [Dayton, AX, Cell 44:941-947] located 3 to 
the 5P6 RNA polymerase promoter (Melton. OA, 
et a). Nucl. Add. Res. 12:7035-7056 (1984)] was 
constructed by standard techniques. pXU was lin- 
earized with EcoR1 and used as template for in 
vitro transcription. After In vitro translation, the 
labelled products wore analyzed directly on 15% 
SDS PAGE (lane 1) or Immunoprecipitated before- 
hand with anthpeptidB 2 serum (lane 2) or an HIV-1 
Infected patient serum (lane 3). However, Inv 



mundprecipitafion with Hiv-1 Infected pattern so- 
rum clearly showed the presence of truncated en- 
velope product (fane 3). 

Figure 2D shows the aosfr^eactivity between 

s this protein and the HlV-2 and 91V viruses. After in 
vitro translation of SP6 generated pEU RNA, the 
labeled products were bnmunopreclpltated wKh 
normal human serum (lane 1); MlV-1 infected hu- 
man serum (lane 2); Hiv-1 Infected patient serum 

10 In the presence of 500 mM of peptide 2 (lane 3); 
MV*2 Infected human serum (lane 4) or SHMv 
f acted Rhesus macaques serum (lane 5). The im- 
munopredpJtatBs were resolved on 15% SDS- 
PAGE. The ability of the anti-peptide 2 serum to 

is recognize the 15 kD and 16 kD proteins was exam- 
ined In three cell lines that express consttutively 
HIV-1 proteins encoded by the 3* halt of the virus. 
[These cell tines were prepared as described in 
U.S. Patent Applications 803,263 and 885,151 

so which are incorporated herein by reference.] Clon- 
ed HeLa cell lines that have toe region between the 
art gene and the 3' LTR of the proviral B\ t HXBc2 
and Mai strains [Alizon, M. et al. Cell 4g> supra] of 
HIV stably integrated were constructed and then 

as Isolated using standard techniques. The parental 
cells used to isolate these celt lines had previously 
been selected for constitutive expression of the tat 
gene product following Infection with a retroviral 
vector carrying the tat coding sequences [Rosen, 

jo CA. et al. J. Wo]. 57:379-384 (1985) which la 
Incorporated herein by reference]. Cells were label- 
ed whh pS] methionine and cysteine and cell 
lysatas were Immunopreclpftated as described 
[Lee, T.H., et a). Proc. Natl. Acad. Scl, USA 

js 81:7579-7583 (1984)]. These catt lines constltu- 
trvely produce both the art and env gene products. 
The ptasmlds used for construction of these cell 
Imes contained the HIV LTR juxtaposed s' to the 
Initiation codon of the art gene. The tat gene prod- 

40 uct was supplied in trans . Figure 3A shows HeU 
tat cell line ly sates immunoprectpteted with antt- 
peptlde 2 serum (lane 1) or HIV-1 infected patient 
serum (lane 2). Figure 3B shows HeU tat Eli 
lysates ImmunoprcclpltatBd with prelmmune rabbit 

45 serum (lane 1); an ti peptide 2 serum (lane 3); anti- 
peptide 2 serum In the presence of 500 UM of 
peptide 2 (lane 4); normal human serum (lane 5); 
HIV-1 Infected pattern senim (lane 6), tane 2 repre- 
sent an immunoprocipitation of labeled to yitro 

so translated product from pEU RNA with anti-peptide 
2 serum. Figure 3C shows HeLa tot Mai lysate 
ImmunopreclpHated with preimmune rabbit serum 
(lane 1): anti-peptide 2 serum (lane 2): normal 
human serum (lane 3) and HJV-1 Infected patient 
65 sarum (lane 4). Figure 3D shows HeLa tet III B 
lysate immunopreclpltated with prelmmune rabbit 
sarum (lane 1); anti-peptide 2 serum (lane 2) nor- 
mal human serum (tone 3) and Hfv-i infected 
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patient serum (ten© 4>. The data of Figure 3 dem- 
onstrates that the antl-peptlde 2 antiserum specifi- 
cally recognized a 1S kO protein in the ceil One 
derived from the Ell provlrus {lane 3) that emig- 
rates with the 15 kD protein mate in vitro (lane 2). 
The same antiserum does not recognize a protein 
in the call line that expresses proteins dartved from 
the MAI (Rgure 3C) or the HXBc2 (Figure 3D) 
provlnjses. This is the predicted result as neither 
the HXBc2 nor Mai provinces contain a properly 
positioned Initiation codon (Figure 2B). The ab- 
sence of detection of the 15 kD protein by the HiV- 
1 patient antiserum in the oell lino derived from the 
Eli provlrus is apparently due to both the low anti- 
vpu titer In the patient antiserum used and the 
much smaller amount of the 15 KD protein In the 
cell line compared to the in vitro translation pro- 
ducts. 

To examine the function of the U protein on the 
viral lire cycle, we constructed a recombinant pro- 
virus In which sequences in NXBc2 between a Sail 
site at position 5332 and a BamH1 site at position 
8017 ( + 1 being the transcription initiation site) 
were replaced with the corresponding sequences 
from clone BH1Q. 

Unlike HXBcZ BH10 possesses the AUG initi- 
ation codon for the U protein. BK10 Is otherwise 
closely homologous to HXBc2. The net result of 
this recombination was to generate a provfral clone 
very similar to HXBc2 except for a small number of 
conservative amino acid changes in trie tat, art and 
env gene products, and the ability to utfiSe trie U 
open reading frame. Transtectfon of Jurkat cells 
with HXHc2 and the recombinant BH10 clones both 
resulted in production of virus, but spread of the 
BH1Q derived virus through the culture was sig- 
nifantly slower than the spread of the HXBc2-de- 
rived virus. 

ACqucts of each culture were metaboJIcaJly 
labelled Z 4, and 7 days post-transfection with "S* 
cy stein and ^S-methtonlne. Extracts of the ceils 
were then imrnunoprecipttated with AIDS-patient 
antiserum and run out on a 12.5% polyacrylamide 
gel. An autoradiogram of the gel Is shown In Figure 
56, Lanes 1, 4, and 7-corrtrol cells 2.4, and 7 days 
post-transfectlon, respectively; lanes 2, 5, and 9- 
cells transrectal with HXBc2, days 2. 4* and 7, 
respectively; lanes 3, 6, 9-cslls transacted with 
BHiO recombinant provlrus, days 2, 4, and 7. re- 
spectively. 

It is evident that those skilled in the art given 
the benefit of the foregoing disclosure, may make 
numerous modifications thereof and departures 
from the specific embodiments described herein, 
without departing from the inverrflv© concepts and 
the present Invention is to be limited solely by the 
scope and spirit of the appended claims. 
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Claims 

I . A vector containing: 

(a) a DNA segment containing a sufficient 
5 number of nucleoli das corresponding to 

nucleotides In region 5541-8017 of the HIV-1 
genome, wherein an AUG codon Is inserted Imme- 
diately upstream and in proper reading frame with 
said region to express a viral protein; wherein the 
rp DNA segment dees not contain the entire HIV 
genome; and 

(b) a promoter upstream of the DNA seg- 

merit 

i s 2. A DNA segment containing the vpu gene but 
not tne entire HIV-1 genome. 

3. The vector of claim 2, wherein the sufficient 
number of nucleotides corresponds to the U open 
reading frame of the Ell strain of HIV-1. 

so 4. A vector containing: 

(a) the DNA segment of claim 2; and 

(b) a promoter upstream of the DNA sag- 

■merit 

25 5. The vector of claim 4 wherein the promoter 
is a viral promoter and the vector also contains an 
enhancer and poh/adenylation sequences. 

a A substantially pure protein produced by the 
vpu gene. 

so 7. A protein produced by the vpu gene in the 
DNA segment of claim 2. 

8. The protein of claim 7 wherein the protein 
has molecular weight of about 15 kD. 

9. The protein of claim 7, wherein the protein 
ss has molecular weight of about 15 kD. 

10. The protein of claim 8, which Is cleaved to 
forma i5kD protein. 

II. A polypeptide having an antigenic deter- 
minant Immunologically cross-reactive wrm antl- 

40 genie determinants of the protein of claim 7. 

12. The polypeptide of claim 11 which is im- 
munologically cross-reactive wtffl amino acids 73 to 
81 of the vpu gene product 

13. A method of assay for the presence of 
<s antibody raised against viral protein U. which com- 
prises: 

(a) talcing a predetermined sample; 

(b) adding the polypeptide of claim 11 to the 
sample; and 

so (c> determining whether a complex is formed 

with the polypeptide. 

14. A method of assay for the presence of viral 
protein U, which comprises: 

so (a) taking a predetermined sample; 

(b) adding an antibody to the protein of 
claim 7; and 
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(c) determmaig whether a complex is formed 
with the antibody. 



15. A method Qf attenuating HIV viral replica- 
tion which comprises administering a sufficient 
amount of the protein of claim 7 to a viral cell 
infected with an HlV-1 strain that does not consthu- 
tivefy express said protein. 

16. The method of claim 15 which further com- 
prises adding a sufficient amount of a compound 
that mimics the attenuating effect of said protein of 
claim 7 to said viraJ cell. 

1 7. The method of claim 1 S which further com* 
prises adding a sufficient amount of a compound 
that enhances the attenuating effect of said protein 
of claim 7 to said viral cell. 

18. The method of claim 17 wherein the en- 
hancement Is synergistic 
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